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Abstract – Emissions of gases and particles from sea-
faring ships have been shown to impact on the 
atmospheric chemistry and climate. To efficiently 
monitor and report these emissions found from a ship’s 
plume, the concept of using a multi-rotor or UAV to 
hover inside or near the exhaust of the ship to actively 
record the data in real time is being developed. However, 
for the required sensors obtain the data; their sensors 
must face into the airflow of the ships plume. This report 
presents an approach to have sensors able to read in the 
chemicals and particles emitted from the ship without 
affecting the flight dynamics of the multi-rotor UAV by 
building a sealed chamber in which a pump can take in 
the surrounding air (outside the downwash effect of the 
multi-rotor) where the sensors are placed and can 
analyse the gases safely. Results show that the system is 
small, lightweight and air-sealed and ready for flight 
test.  
I. INTRODUCTION 
The effect of air pollutants has long been adversely affecting 
the environment not only climate but also entire ecosystems, 
human property as well as agricultural crops. Particular 
pollutants such Carbon Dioxide and Nitrogen Oxides are 
common emissions from sea-faring vehicles and without 
proper monitoring method will continue to greatly affect the 
environment [1]. The table listed below are some of the 
leading climate forcing agents that are the most prominent 
environmental challenges that are being faced in the 21st 
century. 
Table 1: Air Pollutants and their Effects 
Pollutant Environmental Effect 
Nitrogen oxides 
(NO + NO2) 
Primary pollutants that produce 
photochemical smog, acid rain, and nitrate 
particulates. Destruction of stratospheric 
ozone. Human health impact. 
Particulates Reduced atmospheric visibility. Human 
health impact. Black carbon particulates 
contribute to global warming. 
Sulphur dioxide Acid rain. Human health impact. 
Ozone Damage to plants, crops, and man-made 
products. Human health impact. 
Carbon monoxide Human health impact 
Carbon dioxide Most common greenhouse gas 
Non-methane 
hydrocarbons 
(VOC) 
Primary pollutants that produce 
photochemical smog 
Methane Greenhouse gas 
Chlorofluorocarbons 
(CFC) 
Destruction of stratospheric ozone 
 
The effect of these pollutants has called for global regulation 
from many environmental protection agencies and in more 
recent years an approach to control the amount of emissions 
of climate forcing agents [2]. Following this call, Australia’s 
National Environment Protection Council (NEPC) was 
given law making powers established under the National 
Environment Protection Council Act 1994 (Commonwealth) 
to set the legislation for their represented regions to follow 
[3]. The Queensland Government using this legislation have 
set the following standards for emissions in the region [4]: 
Table 2: Queensland Government Air Pollutant Standards 
Pollutant Standard 
Ozone - 0.10 parts per million (ppm) for a 1-hour 
exposure period 
- 0.08ppm for a 4-hour exposure period. 
Nitrogen Oxides - 0.12 parts per million (ppm) for a 1-hour 
exposure period 
- 0.03ppm for an annual exposure period. 
Carbon Monoxide 9ppm for an 8-hour exposure period 
Sulphur Dioxide - 0.20 parts per million (ppm) for a 1-hour 
exposure period 
- 0.08ppm for a 24-hour exposure period 
- 0.02ppm for an annual exposure period. 
 
These standards are enforced for the well-being of the 
communities and protect individuals that may have health 
problems being contributed to these pollutants. 
The current challenge that scientists and engineers are posed 
with is the safe collection of emission samples that can be 
done on a regular basis. In the case where individuals wish 
to study the sulphuric and carbon dioxide emissions from 
volcanoes, the often time remote sampling location are far 
too dangerous and sometimes near impossible to collect. 
Such reasons for the collection of these gas samples are the 
intense and often hazardous fumes, frequent bad weather, 
and potential for sudden eruptions [5]. Although this is an 
extreme case, the same can be said as to how hazardous 
measuring a ships plume can be due to the concentrated 
fumes being released into the atmosphere being dangerous 
for scientists to accurately measure the plumes.  
UAVs are a technology revolutionising remote sensing tasks 
[6]. UAV researchers have focused on UAV design, 
aerodynamics, path planning [6, 7, 8, 9, 10, 11, 12, 13, 14, 
15]. An exciting new application is the use of UAVs for air 
quality monitoring [7, 8]. Recent papers outlining the use of 
UAV’s for data collection of various emissions can be used 
as background knowledge to further prepare for the design 
of the sensor carrier. McGonigle et al [7] explains data being 
collected from La Fossa Crater, Vulcano, Italy from a 
remotely controlled helicopter with a payload of 3kg. 
Neumann [8] discuss how the rotors of the multi-rotor (in 
this case a micro-drone) created a downwash effect meaning 
in certain circumstance, the desired plume of chemicals 
could not reach the sensor within the carrier. Neumann used 
additional fans and tubes to direct the airflow into the 
chamber and called this “active gas transport”. A major 
feature of this extension is that the data be recorded outside 
the airflow generated by the rotors. 
To achieve the goal of having an autonomous UAV that can 
independently monitor a ship’s emissions is a method for the 
sensors to obtain the desired data to analyse is required. For 
the purpose of this work we use the following sensors CO, 
CO2, SO2, O3, NO and NO2. To obtain necessary data, the 
“sensing area” cannot be obscured by way of objects or 
undesired airflow [16]. To achieve this, it is proposed the 
sensing area be facing towards direction of airflow however, 
if the sensors were to be attached offset at a distance from 
the UAV the centre of gravity is affected. Thus the proposal 
was to design and develop a sensor carrier that will be 
attached beneath the multi-rotor, and use a pump to generate 
the airflow required for the sensors to collect the data 
necessary. 
II. PAYLOAD CARRIER DESIGN 
The payload carrier was designed using PTC Creo 3.0 to 
carry six sensors; CO, CO2, SO2, O3, NO and NO2. The 
design has two chambers that require a cover to be attached 
via the indents seen. The first chamber, shown in more detail 
in figure 2 is where the sensors will be installed facing up in 
order to collect and analyse the incoming emissions. The 
two holes that are present on this side of the payload carrier 
will have nozzles attached to them where a pump will push 
air into the chamber. Figure 1 shows the current design. 
 
 
Figure 1: Payload Carrier Design 
All the necessary hardware in order for the sensors to 
function as intended will be installed on the opposite side 
under the tray shown in figure 2. The larger rectangular hole 
presented in figures 1 and 2 shows a port hole for electronics 
to send and receive data as well as power the sensors. 
III. CONSTRUCTION (3D PRINTING) 
We use the Stereo Lithography (.stl) file format for the 
modelling file. Essentially, figure 2 converts the modelled 
image into a surface geometry of a three-dimensional object 
without any representation of colour, texture or attributes 
standard with CAD models [17].  
 
Figure 2: .stl file representation of Sensor Carrier 
Once the conversion is complete, a process called “fused 
deposition modelling” (FDM) is used, to finally print the 
design. This process works by “melting plastic filament that 
is deposited, via a heat extruder, a layer at a time, onto a 
build platform according to the 3D data (.stl file) supplied to 
the printer” [18].  
This methodology is often used as an industrial grade 3D 
printing process and the most optimal choice considering its 
high accuracy yet slow manufacturing. Figure 3 shows the 
Port for electronics 
data and power 
Chamber 1 
Chamber 2 
(Inside) Indents 
final ABS plastic model being used for this project with the 
additional nozzles and connectors attached. 
  
 
Figure 3: Final Product of the Sensor Carrier 
IV. AIR-PROOF DESIGN AND TESTING 
With the final senor carrier printed from ABS plastic, the 
next stage was to make the sensor chamber air tight in order 
to direct the airflow using the pumps without leaving any 
stale air inside the area to the carrier’s chamber. Two 
different methods were used to ensure that no leaks are 
found within the sensor chamber and that air can only 
escape through the nozzles. Cold Acetone Vapour finishing 
[19] was implemented to firstly polish the sides of the 
carrier. The reason for this as 3D printing using the FDM 
method leaves tiny ridges in which air can escape through 
any uneven application of the ABS plastic. Figure 4 below 
shows the before and after shots of a similar 3D printed 
model using the cold acetone vapour method: 
 
Figure 4: Example of 3D model using the Cold Acetone Vapour 
Finishing Method [19]  
With this initial stage completed the next stage was applying 
a layer of duct tape and silicon to the inside of the chamber. 
The reason behind applying this second layer of airtight 
materials is because although the melted ABS plastic and 
Cold Acetone Vapour finishing method does prove effective 
in making the model airtight, there is no guarantee that this 
application is applied evenly throughout the carrier, 
especially on the inside of the sensor chamber. A layer of 
duct tape is therefor applied onto the inside of the carrier 
leaving gaps for the sensing area of the gas sensors to read 
the data through. Once the tape is layered along the inside of 
the carrier, another layer of silicon is applied to the edges 
and bottom layer of the sensing chamber to ensure the gaps 
around the sensors cannot funnel air through the gaps. The 
final product of this air-sealing method is shown in Figure 5. 
 
Figure 5: Application of Duct tape and Silicon to the inside if 
the Sensing Chamber of the Sensor Payload Carrier 
An initial test was conducted in order test if the sensing 
chamber was airtight. This was done using a tub of water 
and placing the sensor carrier into the tub. What this does is 
trapped air inside the sensing area will try to escape through 
any gaps in the area. Leaving a trail of bubbles from where 
the air escapes. If this was to occur, then applying silicon 
layer to the area would stop the leak. No air escapes, then it 
can be said that the chamber is airtight and able to be used 
for its intended purposes. The test was successful with no air 
leaks present. 
V. CONCLUSION AND FUTURE WORK 
This report described the design, manufacture and initial 
testing of a multi-sensor payload carrier for air quality 
measurements. Results indicate the system is air-proof and 
only air inlets are from the nozzle intakes. Future work 
should focus on bench testing the system with exhaust of a 
car followed by indoor controller testing, with sensor carrier 
installed on a multi-rotor to measure the exhaust plume of a 
vehicle  
 
Figure 6: Experiment for Data Collection of Gas Sensors 
(Exposed) 
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